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(54) TREATMENT OF PRINTED BOARD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To separate and recover 
metals and nonmetals in a waste printed board by heating a 
waste printed board to generate gas from resinous materials 
in the board and to weaken component-integrating functions 
in the board, and then, mechanically crushing the resulting 
weakly-integrated waste printed board by applying external 
force to the board. 

SOLUTION: In this treatment, a waste printed board 1 is 
charged into a board heating device 2 to heat the board 1, 
wherein, although the board heating temp, somewhat 
depends on the kind of the board 1, as this temp., any temp, 
within the range of 270 to 450°C may be adopted. In this 
board heating device 2, resinous materials in the board 1 are 
converted, and concurrently, gas is generated from the 
resinous materials and discharged as waste gas 7. 
Accordingly, in the waste printed board 1 thus heat-treated, 
the integration of metallic components such as gold platings, 
copper foils and copper wires, with nonmetallic inorganic 
materials such as glass wool is weakened. However, 

sometimes, copper through-holes formed by plating, or the like, fine copper wires, etc., and these 
different kinds of materials are bound to each other. Therefore, the heat-treated waste printed 
board 1 is further crushed by a crusher 3 to easily separate metals and nonmetallic inorganic 
materials from each other. 
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2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The art of the printed circuit board characterized by carrying out at the temperature in 
which resin generates gas for heat-treatment of said printed circuit board, and a metal and 
nonmetal mineral matter do not form a compound in the approach of grinding after heat-treating the 
useless article of the printed circuit board which consists of resin, a metal, and nonmetal mineral 
matter, and carrying out separation recovery of a metal and the nonmetal mineral matter, generating 
gas from resin, and crushing by the crusher after that. 

[Claim 2] The art of the printed circuit board characterized by making whenever [ stoving 
temperature / of said printed circuit board ] into 270 degrees C or more and 450 degrees C or less 
in an approach according to claim 1. 

[Claim 3] The art of the printed circuit board characterized by lowering the temperature of this 
printed circuit board to 250 degrees C or less at the time of said crushing in an approach according 
to claim 1. 

[Claim 4] The art of the printed circuit board characterized by neutralizing the halogenated 
compound which collects the gas which occurred from resin with heating of said printed circuit 
board in an approach according to claim 1, decomposes a part for the hydrocarbon which heats this 
gas in an oxygen content ambient atmosphere, and is contained in this gas, and remains in this gas 
after that with an alkali water solution. 

[Claim 5] The art of the printed circuit board characterized by separating a metal and nonmetal 
mineral matter using at least one of the sifting-out method, the wind-force sorting-out method, and 
the eddy current sorting-out methods in an approach according to claim 1 after crushing a printed 
circuit board by said crusher. 
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[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of starting the art of a waste printed 
circuit board, especially separating and collecting the metals and nonmetals in a waste printed 
circuit board. 
[0002] 

[Description of the Prior Art] Important things are the separation and sorting according to ingredient 
of a recycle object in recycle reuse. However, sorting according to ingredient is difficult for the 
waste printed circuit board constituted with a metal, nonmetal mineral matter, and resin. Therefore, 
it is most that shredder processing is carried out with electronic parts or harmful solder sticking, 
and the landfill of the waste printed circuit board is conventionally carried out to the final disposal 
site, and most effective recycle is not carried out with extent to which recovery of the metal 
represented by gold and copper is performed slightly. Generally as recycle of a waste printed circuit 
board, the following is known. 

[0003] The 1 is the approach of roasting under supply of the air of extent which a pitch lights a 
waste printed circuit board at the temperature from 800 degrees C or more to copper melting 
temperature, and becomes carbon like a JP,2-88725,A publication, grinding subsequently, and 
sorting out and collecting copper. 

[0004] The 2 is the approach grind a printed circuit board at coarse grinding and a pulverizing 
process, and separate into the part containing many metal components, and the part which consists 
of resin, a filler, etc., and gravity separation recovers the obtained grinding object like a JP,6- 
228667,A publication. 

[0005] The 3 is the approach of distilling a printed circuit board dryly under a reducing atmosphere 
and a 450 degrees C - 1000 degrees C temperature ambient atmosphere, cooling even to the 
temperature of extent which does not oxidize rapidly even if it contacts atmospheric air, grinding the 
residue after that like a JP,6-256863,A publication, and classifying metals, such as copper, and base 
material structures, such as glass, from a grinding object. 

[0006] The 4 is the approach of heating the waste printed circuit board of an element placement in 
the ambient atmosphere containing oxygen like a JP,6~296957,A publication, oxidizing a metal 
component, pulverizing to powder by grinding processing, and using as a filler in structure material, 
building materials, and an insulating material. 

[0007] The 5 is the approach of cutting a waste copper-clad laminate, and making collide mutually in 
the state of suspension like a JP, 7-75771, A publication, carrying out heating maintenance in the 
temperature requirement from which resin returns to the original condition at the time of cooling, 
and dividing into copper and other components. 
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[0008] 

[Problem(s) to be Solved by the Invention] However, said each of all directions methods includes 
the technical problem as shown below. 

[0009] In order to heat the approach shown in that 1 to an elevated temperature 800 degrees C or 
more, there is much energy expenditure, and the metals of gold or copper react with nonmetal 
reinforcement, such as a glass fiber in a substrate, and it vitrifies in this temperature requirement. 
As for re-refining the vitrified metals, recovery effectiveness also becomes [ energy expenditure / 
many ] low. 

[0010] Since the approach shown in the 2 is in the condition which a nonmetal material etc. and 
resin, such as a metal and glass wool, have stuck, its reinforcement of a ground object is strong, and 
it is very difficult for it to pulverize a substrate. Therefore, since it is necessary to use a special 
crusher, processing cost becomes high. Moreover, the process from which recovery is low and after 
recovery separates a metal and resin since there are many resin and metals which are not 
separated even if it pulverizes, since metallic materials, such as gold and copper, are firmly stuck 
with resin and a glass fiber is required. 

[001 1] the approach shown in the 3 — the account of a top — there is much energy expenditure 
like the approach shown in the 1, and in order that a metal may react with glass and may vitrify, 
recovery effectiveness is low in the above-mentioned temperature requirement. 
[0012] The approach shown in the 4 does not collect metals, but a pulverizing object is used as a 
filler as it is, and a field of the invention is restricted. 

[0013] Since the approach shown in the 5 is still no processing, cutting is difficult and needs to use 
a cyclone special to making it collide mutually in the state of suspension. Moreover, in this approach, 
the energy of a collision of the substrates cut without applying mechanical external force will 
separate a metal. The cut substrate is light, and even if it makes the cut substrate collide mutually 
in a cyclone only by the wind force, the grant of only energy which separates a metal from a 
substrate is a question. 
[0014] 

[Means for Solving the Problem] The waste printed circuit board art by this invention is aimed at 
the waste printed circuit board formed with resin, a metal, and nonmetal mineral matter. Although it 
is convenient to separate each component in order to carry out recycle reuse of the trash, in the 
printed circuit board, various mineral matter and resin including a metal are unified by physical / 
chemical association, and it cannot dissociate by the usual approach. 

[0015] In this invention, the header and the approach that this idea might be realized further were 
found out for separation of a most certain and efficient component being separating into a metal and 
a nonmetal in such a printed circuit board. 

[0016] The point of waste printed circuit board separation is in resin. Resin is making the whole 
printed circuit board unify. However, resin confidence generates gas and changes with heating of the 
suitable temperature by this invention irreversibly. Thus, when resin changes, a unification operation 
of resin can be reduced and separation of a waste printed circuit board becomes easy. When the 
resin on-the-strength strengthening component contained in coincidence in resin gasifies, resin 
reinforcement is also reduced greatly. The ambient atmosphere in atmospheric air or the inert 
atmosphere of nitrogen etc. is sufficient as gasification of resin. Whenever [ stoving temperature ] is 
important. 270-450 degrees C is suitable for whenever [ by this invention / stoving temperature ]. If 
whenever [ stoving temperature ] is lower than optimum temperature, since gas will not occur from 
resin, it is not suitable. Since nonmetal mineral matter, such as copper in a printed circuit board and 
glass wool, reacts above 450 degrees C, a compound is formed and separation of a metal and 
nonmetal mineral matter becomes very difficult, it is not suitable. In addition, reaction and 
compound-izing of a metal comrade which constitute the printed circuit board do not have bad 
effect on recovery of a metal. 

[0017] If external force is mechanically applied and crushed with the optimal heating explained above 
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to the waste printed circuit board to which the unification operation fell, it will become possible to 
separate and collect efficiently the metals and nonmetal mineral matter in a waste printed circuit 
board. Inside the printed circuit board, the small copper pipe and copper thin line of a large number 
which constitute a through hole, and copper foil existed, and they are entangled with nonmetal 
mineral matter, such as glass wool, intricately geometrically as a combination of a dissimilar material. 
The force which cuts and unravels these is required for metaled separation, and crushing which 
applied external force mechanically serves as this force. For example, extensive processing can also 
be performed if crushing by the cutter is carried out. Since the unification force and reinforcement 
of a waste printed circuit board are reduced by heat-treatment, in this invention, very smooth 
crushing is possible also for crushing by the cutter in which power big usual and low productivity are 
shown. Since the force to separate is low when not crushing [ from ] by giving mechanical external 
force outside a waste printed circuit board, the rate of separation falls and is not suitable. In order 
to give and crush external force mechanically, it is necessary to make it 250 degrees C or less. 
Above 250 degrees C, since the crushing capacity of a crusher to give external force is not fully 
demonstrated, separability ability is inferior. 

[0018] Although various approaches are employable as sorting of the separation object which 
applied external force to the waste printed circuit board mechanically, and was crushed, it is suitable 
to use at least one or more approaches especially in the method of sorting out three kinds, the 
sifting-out method, the wind-force sorting-out method, and the eddy current sorting-out method. In 
heat-treatment by this invention, and crushing by external force grant, the metal and the nonmetal 
found out that a difference arose in the crushing dimension that what is more nearly inferior to 
ductility based on the ductility of the quality of the material becomes small. Therefore, the sifting- 
out method turns into an effective approach. Moreover, since the metal and nonmetal of a waste 
printed circuit board are separated in this invention, specific gravity's of a metal being larger than a 
nonmetal and a metal can apply the property of dissociating alternatively at an eddy current, and 
sorting by the wind-force sorting-out method and the eddy current sorting-out method is possible 
for them. This is the effectiveness of this invention which aimed at separation of a metal and a 
nonmetal. Therefore, the wind-force sorting-out method and the eddy current sorting-out method 
for using a specific gravity difference are an important part in this invention. 
[0019] In heat-treatment, the resin which constitutes a printed circuit board changes and gas is 
generated. Since the resin strengthening component is contained in the gasification component, 
resin makes easy crushing processing after softening in coincidence. If the halogenated compound 
system gas containing the bromine in a gasification component etc. is heated to the temperature 
which the hydrocarbon component in gas almost decomposes, it can be neutralized with an alkaline 
solution. 

[0020] If the above-mentioned invention is systematized, it will become possible to process a waste 
printed circuit board efficiently. Moreover, in processing of many products and components, when a 
processing difficult object like a printed circuit board is included, the processing of a product and 
components itself becomes difficult by the existence. However, if the system by this invention is 
formed in the inside which processes many products and components, many products and 
components processings can be carried out effectively. This is a solution technical problem which 
this invention means. Therefore, the processing system which processes the product or entire 
component containing the waste printed circuit board concerned in which the system by this 
invention is contained also corresponds to this invention. 
[0021] 

[Embodiment of the Invention] Hereafter, this invention is explained based on an example. 
[0022] Drawing 1 is a waste printed circuit board processing system process which is one example 
of this invention. The configuration of the process shown in drawing 1 The wind-force selector 4 put 
side by side to the waste printed circuit board 1, the substrate heating apparatus 2, a crusher 3, and 
a crusher 3, the wind-force selector 1 1, blower 11a, the recovery pot 5, collected copper foil 5a, 
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collected gold plate section 5b, the recovery pot 6 based on nonmetal mineral matter, collected 
glass wool material 6a, It consists of resin residue 6b [ which was collected ], exhaust gas 7, 
exhaust gas heating apparatus 8, neutralization processor 9, neutralization processing tub 9a, 
neutralization liquid collection tank 9b, neutralization liquid 9c, 9d [ of neutralization liquid circulating 
pumps 1 shower nozzle 9e, and exhaust air pump 9f, the harmless exhaust gas 10, and an exhaust 
port 12. 

[0023] a printed circuit board is shown in drawing 3 — as — nonmetal mineral matter, such as glass 
wool, and an epoxy resin and a conductor — it has the copper pipe of a large number which find 
each other, are constituted since the copper foil used as a circuit etc. is complicated, and 
constitute a through hole. 

[0024] The waste printed circuit board 1 is supplied to the substrate heating apparatus 2. Here, 
although whenever [ substrate stoving temperature ] is based also on the class of substrate, what is 
necessary is just 270 degrees C or more 450 degrees C or less. If lower than 270 degrees C, the 
reaction of the resin in a substrate and a change rate will not present practical use remarkably late, 
and if 450 degrees C is exceeded, the metal and glass wool material in a substrate will begin to 
react, a metal vitrifies, and for this reason, since metaled recovery falls remarkably, it is not suitable. 
The pitch in the waste printed circuit board 1 changes with this substrate heating apparatus 2, and 
gas is then generated. These are discharged as exhaust gas 7 and unification of nonmetal mineral 
matter, such as metal parts, such as gold plate, and copper foil, copper wire, and glass wool, is falling 
[ the waste printed circuit board 1 ]. However, the copper through hole and copper thin line which 
were formed by plating etc. may have combined these different-species quality of the material. If 
the waste printed circuit board 1 is applied to a crusher 3 here, a metal and nonmetal mineral matter 
will be separated easily. As a crusher 3, a thing as shown, for example in drawing 2 is suitable here. 
When there are many through holes, the crusher which used the cutter is convenient. When much 
electronic parts are carried on the substrate, use of a rough crusher is also suitable for the 
preceding paragraph. As for nonmetal mineral matter, glass wool closes most. The copper wire and 
copper foil by which the metal part was gold-plated, copper foil, a copper thin line, and a copper 
through hole pipe occupy most. Many of glass wool is collected by the recovery pot 6 with the wind- 
force selector 4 using the wind force generated at the time of crushing. By covering the separation 
object which are not collected by the recovery pot 6 over the wind-force selector 1 1, with the wind 
force of blower 11a, metals are mainly collected by the recovery pot 5 and nonmetal mineral matter 
is mainly collected by the recovery pot 6. Moreover, although the exhaust gas 7 which the pitch in 
the waste printed circuit board 1 reacted and changed, and produced with the substrate heating 
apparatus 2 is hydrocarbon system gas at least, since it contains the methyl bromide which was able 
to react and do the flame retarder in the waste printed circuit board 1 , and the halogenated 
hydrocarbon represented by the ethyl bromide, it heats this in the ambient atmosphere which 
contained oxygen in the exhaust-gas heating apparatus 8, makes all unburnt hydrocarbon react, and 
introduces into neutralization processing tub 9a after that. In neutralization processing tub 9a, 
neutralization liquid 9c in neutralization liquid collection tank 9b is attracted by 9d of neutralization 
liquid circulating pumps, and is injected from shower nozzle 9e. It is neutralized by the neutralization 
liquid injected from shower nozzle 9e, and the exhaust gas introduced here from the exhaust gas 
heating apparatus 8 is attracted by exhaust air pump 9f, and is discharged from an exhaust port 12. 
In addition, as a class of neutralization liquid 9c, there are alkali water solutions, such as a sodium 
hydroxide and a calcium hydroxide, for example. Halogenated hydrocarbon becomes a halogen, 
hydrogen halide, a carbon dioxide, and moisture by doing in this way. Use of a heating furnace, an 
afterburner, etc. can be considered for heating of exhaust gas. In the neutralization processor 9, 
halogens are collected for the exhaust gas from the exhaust gas heating apparatus 8, gas is 
defanged, and the harmless exhaust gas 10 is emitted. A printed circuit board is processed 
according to such a process, and metals can be separated and collected efficiently. 
[0025] Next, an experimental result is explained. 
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[0026] (1) The sample which removed solder and electronic parts from the scrap wood of an 
experiment 1 glass-fabric epoxy resin printed circuit board beforehand was heated from a room 
temperature to 550 degrees C by differential thermal analysis, and the rate of weight reduction was 
investigated. A result is shown in drawin g 4 . Weight reduction is equivalent to the amount of resin 
which resin gasifies here. Weight reduction is not accepted to 260 degrees C. Gas occurs and 
carries out weight reduction from 270 degrees C. Above 500 degrees C, gas stops having almost 
occurred and weight reduction also stopped. 

[0027] (2) The sample was heated at intervals of 10 degrees C from 400 degrees C to 500 degrees 
C in the atmospheric-air ambient atmosphere for 30 minutes using the electric furnace by having 
made into the sample what removed solder and electronic parts from the scrap wood of the glass 
fabric epoxy resin printed circuit board of experiment 23cmx3cm magnitude beforehand, each 
sample after heating was decomposed carefully, and the metal measured glass wool and the amount 
to which it has reacted. A result is shown in drawing 5 . Although 450 degrees C was not able to 
check the reaction, above 460 degrees C, the reaction of a metal and glass wool was accepted and 
the amount increased to them with the temperature rise. 

[0028] (3) After removing solder and electronic parts from the scrap wood of the glass fabric epoxy 
resin printed circuit board of experiment 323cmx19cm magnitude beforehand, the substrate was 
heated for 30 minutes at each temperature in the atmospheric-air ambient atmosphere using the 
electric furnace. Then, external force was mechanically applied to the substrate by the cutter type 
crusher, wind-force sorting was carried out after that, and the metal which constitutes a substrate 
asked for the rate collected by the recovery pot 5. The result is shown in Table 1. Although the 
substrate was cut at 260 degrees C whenever [ stoving temperature ] even if the resin in a 
substrate hardly changed even if heated for 30 minutes, but applied to the cutter type crusher, a 
metal and nonmetal mineral matter were not separated. However, when whenever [ stoving 
temperature ] was made into 270 degrees C, a lot of gas occurred and resin changed a lot. Although 
some nonmetal mineral matter was collected by the recovery pot 5, without a part, a copper thin 
line and the through hole section, and glass wool being inseparable when crushed by the cutter type 
crusher after heating, almost all metals were recoverable in the recovery pot 5. At 300 degrees C 
and 400 degrees C, the rate of mixing of the nonmetal mineral matter collected by the recovery pot 
5 fell. Although the amount of metals collected by the recovery pot 5 falls a little at 450 degrees C, 
90% or more of metal recovery is possible. Here, since the plated gold had exfoliated in part with 
450-degree C heating, recovery fell. 

[0029] If whenever [ stoving temperature ] becomes still higher 460 degrees C, a reaction with 
metaled glass wool will start and a metal will begin to vitrify by the reaction. Therefore, a metal 
begins to mix also in the recovery pot 6. The amount of metals collected by the recovery pot 5 as a 
result falls. Moreover, the rate of nonmetal mixing to the recovery pot 5 also increases. The amount 
which exfoliates, becomes together with glass wool and are collected by the recovery pot 6 
increases especially a gold plate part. 
[0030] 
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[0031] (4) The experiment 4, next the experiment about neutralization of the exhaust gas which 
occurs at the time of substrate heating were conducted. After removing solder and electronic parts 
from the scrap wood of the glass fabric epoxy resin printed circuit board of 20cmx20cm magnitude 
beforehand, it heated at 350 degrees C from the room temperature in the atmospheric-air ambient 
atmosphere using the electric furnace. It introduces and heats to the exhaust gas heating furnace 
held to various temperature after adding atmospheric air to the gas which occurred in this heating 
process, and is after heating and 0.1. It introduced into the scrubbing bottle of 5 reams containing a 
regular sodium-hydroxide water solution, and neutralized. Quantitative analysis of smell carbonizing- 
ized hydrogen, such as a methyl bromide in the gas after exhaust gas heating and the gas after 
neutralization and an ethyl bromide, and a bromine, and the hydrogen bromide was carried out. The 
result is shown in Table 2. The principal component of the exhaust gas after substrate heating is 
hydrocarbon system gas, and the bromine added by substrate resin as a flame retarder is also 
discharged as smell carbonizing-ized hydrogen called a methyl bromide and an ethyl bromide. This 
smell carbonizing-ized hydrogen is hardly neutralized, even if it lets it pass in an alkali solution. The 
perfect combustion of this smell carbonizing-ized hydrogen can be carried out, and a bromine, a 
hydrogen bromide, then an alkali solution can neutralize it. However, at 750 degrees C and 800 
degrees C, the methyl bromide and the ethyl bromide remain [ whenever / exhaust gas stoving 
temperature ] into the gas before neutralization, and this was not neutralized. However, above 850 
degrees C, whenever [ exhaust gas stoving temperature ] became a bromine and a hydrogen 
bromide nearly completely, and has neutralized the methyl bromide and the ethyl bromide with the 
sodium-hydroxide water solution. 
[0032] 
[Table 2] 
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[0033] 

[Effect of the Invention] According to this invention, the waste printed circuit board art which can 
separate and collect a metal and nonmetals from the waste printed circuit board formed with a 
metal, resin, and nonmetal mineral matter at least efficiently can be offered as mentioned above. 
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3. In the drawings, any words are not translated. 
DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1 ] Drawing showing the waste printed circuit board processing system process which is 
one example of this invention. 

[Drawing 2] The outline block diagram showing an example of the crusher used for the art of this 
invention. 

[Drawing 3] The sectional view showing an example of a printed circuit board. 

[ Drawing 4 ] Drawing showing whenever [ stoving temperature / of a waste printed circuit board ], 

and the relation of weight reduction. 

[ Dra win g 5 ] Drawing showing the metal and glass wool reacting weight of a waste printed circuit 
board. 

[Description of Notations] 

1 [ — 5 A wind-force selector, 6 / — A recovery pot, 7 / — Exhaust gas, 8 / — Exhaust gas 
heating apparatus, 9 / — A neutralization processor, 11 / — A wind-force selector, 11a/ — 
Blower. ] — A waste printed circuit board, 2 — Substrate heating apparatus, 3 — A crusher, 4 
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[Drawing 1] 
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[Drawing 2] 
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